Cryptosporidium is the leading aetiology of waterborne disease outbreaks in the United States. This report briefly describes the temporal and geographical distribution of US cryptosporidiosis cases and presents analyses of cryptosporidiosis case data reported in the United States for 1995-2012. The Cochran-Armitage test was used to assess changes in the proportions of cases by case status (confirmed vs. non-confirmed), sex, race, and ethnicity over the study period. Negative binomial regression models were used to estimate rate ratios (RR) and 95% confidence intervals (CI) for comparing rates across three time periods (The proportion of confirmed cases significantly decreased (P < 0·0001), and a crossover from male to female predominance in case-patients occurred (P < 0·0001). Overall, compared to 1995-2004, rates were higher in 2005-2008 (RR 2·92, 95% CI 2·08-4·09) and 2009-2012 (RR 2·66, 95% CI 1·90-3·73). However, rate changes from 2005-2008 to 2009-2012 varied by age group (P interaction < 0·0001): 0-14 years (RR 0·55, 95% CI 0·42-0·71), 15-44 years (RR 0·99, 95% CI 0·82-1·19), 45-64 years (RR 1·47, 95% CI 1·21-1·79) and 565 years (RR 2·18, 95% CI 1·46-3·25). The evolving epidemiology of cryptosporidiosis necessitates further identification of risk factors in population subgroups. Adding systematic molecular typing of Cryptosporidium specimens to US national cryptosporidiosis surveillance would help further identify risk factors and markedly expand understanding of cryptosporidiosis epidemiology in the United States.
INTRODUCTION
Cryptosporidiosis is an infectious gastrointestinal disease caused by the parasite Cryptosporidium [1] . Illness is typically characterized by profuse, watery, non-bloody diarrhoea; other symptoms can include weight loss, abdominal pain or cramps, anorexia, fatigue, headache, fever, and vomiting [1] . In 2004, nitazoxanide became the first and only drug the U.S. Food and Drug Administration (FDA) has approved for the treatment of cryptosporidiosis in immunocompetent children aged 1-11 years [2] . In 2005, the FDA expanded this approval for all immunocompetent persons aged 51 year [3] . Annually, approximately 8500 cases of cryptosporidiosis are reported in the United States [4] , although an estimated 748 000 cases occur [5] .
Cryptosporidiosis gained national recognition as a waterborne disease during massive drinking-water associated outbreaks in Texas in 1984 and Milwaukee in 1993 [6, 7] , with the latter resulting in >400 000 cases. Consequently, national reporting of cryptosporidiosis cases began in 1995 [8] . Cryptosporidium is the leading aetiology of waterborne disease outbreaks in the United States (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) and has contributed to the significant increase in the incidence of recreational water-associated outbreaks [9, 10] . Since the first US pool-associated outbreak of cryptosporidiosis was detected in Los Angeles in 1988 [11] , the parasite has caused many recreational water-associated outbreaks, particularly those associated with halogenated (i.e. chlorinated or brominated) recreational water venues. The most notable of these outbreaks occurred in New York in 2005 [12] , Utah in 2007 [13] , and Texas in 2008 [14] , each of which affected thousands of people. Transmission is facilitated via treated drinking and recreational water because Cryptosporidium oocysts are extremely halogen tolerant [15] [16] [17] , immediately infectious upon excretion, small enough in size (species predominantly infecting humans are approximately 4·5 × 5·5 µm) to bypass traditional filters, and have a low infectious dose. Foodborne, personto-person, and animal-to-person transmission of Cryptosporidium can also occur. Investigations of foodborne outbreaks have implicated multiple sources [18] , including produce [19] , and unpasteurized milk [20, 21] and apple cider [22, 23] . Person-to-person transmission, particularly in childcare settings [24, 25] , and zoonotic transmission, particularly involving livestock such as bovine calves, have also lead to cryptosporidiosis outbreaks [26] [27] [28] .
In the United States, cryptosporidiosis surveillance data are typically analysed and published biennially [4, [29] [30] [31] [32] [33] . These data suggest that the epidemiology of cryptosporidiosis in the United States is evolving. For example, 2005 marked the first year for which >8000 cases were reported, compared to <4000 annually in previous years [29, 32, 33] . More cases were reported in females than males for the first time in 2005, and then consistently since 2007 [4, [29] [30] [31] [32] [33] . In 2011-2012, there was a substantial increase in the rates of reported non-confirmed cases; and for the first time, age-specific rates were higher in elderly adults than children aged 5-9 years [4, [29] [30] [31] [32] [33] . However, biennial analyses of cryptosporidiosis data preclude longitudinal analyses of how cryptosporidiosis epidemiology in the United States might be evolving over time. Given the emergence of Cryptosporidium as a pathogen of major public health importance in the United States and worldwide [34] , it is critical to fill the gap in knowledge regarding its evolving epidemiology. The purpose of this study was to further elucidate the epidemiology of cryptosporidiosis in the United States by examining 18 years of cryptosporidiosis case data, focusing on differences across three time periods (1995-2004, 2005-2008, 2009-2012) .
METHODS

Data
National cryptosporidiosis data reported to the U.S. Centers for Disease Control and Prevention (CDC) via the National Notifiable Diseases Surveillance System (NNDSS) were analysed. These data were voluntarily reported by public health agencies in the 50 states, the District of Columbia, and New York City for 1995-2012. At the time of analysis, 2012 was the last year for which finalized and complete data were available. NNDSS case reports include data on year of report; whether the case was associated with a detected outbreak; case-patient's county and state of residence, race, ethnicity, sex, and age; and case status (whether the case met criteria of the national case definition for confirmed, probable, suspect, or unknown classification). Age was categorized into four groups based on exposure commonalities: 0-14 years (children, for whom swimming is the most popular sports activity [35] ), 15-44 years (older teenagers and young adults, where females are of childbearing age), 45-64 years (middle-aged adults), and 565 years (senior citizens). Case status was dichotomized into confirmed and non-confirmed (probable, suspect, and unknown) cases. Risk factor data are not reported to NNDSS. National, systematic molecular typing of clinical Cryptosporidium specimens is currently not performed in the United States.
Analysis
NNDSS data for 1995-2012 were analysed using SAS v. 9.3 (SAS Institute Inc., USA). Annual incidence rates (cases/100 000 population) were calculated by dividing the number of reported incident cryptosporidiosis cases by each year's mid-year census estimate and multiplying by 100 000 [36] . Maps were created to display rates of cryptosporidiosis by county across evolving epidemiology of cryptosporidiosis in the US four time periods: (1995-1999, 2000-2004, 2005-2008 , and 2009-2012), using ArcGIS v. 10 (ESRI, USA); average annual cryptosporidiosis incidence rates/100 000 population for these time periods were calculated by summing each county's case counts over given years, dividing this sum by the sum of midyear census estimates for each county over the given years, and then multiplying by 100 000.
To examine trends in binomial proportions of case status (confirmed vs. non-confirmed), sex, race, and ethnicity over time, the Cochran-Armitage test for trend was used [37, 38] . This test is appropriate for assessing trends in binomial proportions across the levels of an ordinal variable (i.e. year). The null hypothesis was that there was no change in proportion of non-confirmed, female, white, or non-Hispanic cases over time.
To examine changes in cryptosporidiosis rates during the study period, overall and by age group, count response models were used. Case counts were aggregated into three time periods selected based on availability of a drug approved to treat cryptosporidiosis, due to the hypothesized influence that drug availability might have on diagnosis. These time periods were: 1995-2004 (prior to availability of nitazoxanide), 2005-2008 (the first 4 years after nitazoxanide licensure) and 2009-2012 (the second 4 years after nitazoxanide licensure); data were aggregated over several years to increase stability and to simplify analysis and presentation. The negative binomial distribution was used because the data were overdispersed relative to the Poisson distribution. Model results were summarized as average annual incidence rates/100 000 population, and as incidence rate ratios (RR) and 95% confidence intervals (CI) to compare modelled cryptosporidiosis rates across time periods. The null hypothesis was that there was no change in cryptosporidiosis rates across time periods. To assess the age composition of case-patients across time periods, a time period × age group interaction was tested in the regression models. Subset analyses in nonoutbreak cases were conducted to assess the potential impact of large outbreaks on changes in national reporting.
RESULTS
A total of 102 835 cases of cryptosporidiosis were reported to CDC for 1995-2012; 13·6% (n = 13 958) were outbreak-associated (Table 1) . Annual overall incidence rates/100 000 population ranged from a low of 0·9 in 1997 to a high of 3·9 in 2007 ( Fig. 1 ). During 1995-1999, the reported cryptosporidiosis rates were highest in the upper Midwest, the Northeast, and New Mexico ( During 1995-2012, the majority (n = 89933, 87·5%) of reported cryptosporidiosis cases were confirmed. Although the total number of confirmed cases increased over time, the proportion of confirmed cases significantly decreased (Cochran-Armitage Z statistic: −58·77, P < 0·0001) ( Fig. 1 ). During 1995-2012, the total number of reported cases in males and females was approximately equal. However, the ratio of male to female cases changed over time (Cochran-Armitage Z statistic: −23·94, P < 0·0001), and there was a crossover from male to female predominance which occurred in 2009 ( Fig. 3 ). During 1995-2012, in cryptosporidiosis cases for which race was reported, the majority were in white patients (n = 61302, 83·7%), with a small but significant increase in the proportion of case reports in white patients over time (Cochran-Armitage Z statistic: 15·72, P < 0·0001); however, nearly one third (n = 29629, 28·8%) evolving epidemiology of cryptosporidiosis in the US of case reports were missing race data during the study period. Similarly, in cryptosporidiosis cases for which ethnicity was reported, the majority were in non-Hispanic patients (n = 54043, 88·8%), with a small but significant increase in the proportion of case reports in non-Hispanic patients over time (Cochran-Armitage Z statistic: 9·92, P < 0·0001); however, over one third (n = 41978, 40·8%) of case reports were missing ethnicity data during the study period. Cryptosporidiosis rates by time period and age group are displayed in The changes in rates across the three time periods varied by age group (P interaction < 0·0001) ( Fig. 4 , Table 2 ). Compared to 1995-2004, rates in 2005-2008 and 2009-2012 increased overall (all ages combined) and within each age group. Compared to rates in 2005-2008, rates in 2009-2012 significantly decreased in children aged 0-14 years, did not significantly change in persons aged 15-44 years, and significantly increased in adults aged 45-64 years and 565 years. After excluding outbreak-associated cases, rates were lower, but most rate ratios revealed similar patterns (Table 3) . Excluding outbreak-associated cases had the greatest impact on rates in 2005-2008. The overall 2005-2008 rate was 25·7% lower, decreasing from 3·07/100 000 population (when outbreak-associated cases were included) to 2·28/100 000 population (when outbreakassociated cases were excluded). The rate in children aged 0-14 years decreased 34·7%, from 7·07 to 4·62/ 100 000 population. Additionally, the overall rate 
DISCUSSION AND CONCLUSION
This report presents the first examination of the evolving epidemiology of US cryptosporidiosis case-report data for 1995-2012. Analyses reveal a significant increase in reporting of cryptosporidiosis accompanied by an evolving composition of reported cases, particularly in the geographical distribution and status of cryptosporidiosis cases as well as the sex and age distribution of cases. These findings underscore the need to further characterize the epidemiology of cryptosporidiosis in the United States.
Overall, rates of reported cryptosporidiosis significantly increased during the study period. The marked increase in reporting and spread of cryptosporidiosis throughout the United States, in particular from 2005 to 2008, was apparently driven, at least in part, by large outbreaks that occurred during the study period [12] [13] [14] . The substantial impact of recreational water-associated outbreaks such as those that occurred in New York (2005), Utah (2007), and Texas (2008) can be seen in the sensitivity analyses. When all outbreak-associated cases were removed, the 2005-2008 rates were expectedly much lower while non-outbreak rates continued to increase from 2005-2008 to 2009-2012. The increases in reporting might be due to increased pathogen transmission following these outbreaks; increased investment in states' capacity to detect, investigate, and report cases following outbreaks; or an artifact of changes in healthcare providers' awareness, diagnosis, and treatment of cryptosporidiosis associated with drug licensure. The significant increase in rates seen after 2004 coincides with the 2005 FDA licensure of nitazoxanide to treat cryptosporidiosis in immunocompetent casepatients aged 51 year. The availability of a drug to treat cryptosporidiosis might have increased healthcare providers' awareness of the disease or motivated them to order diagnostic testing for cryptosporidiosis.
It cannot be determined from NNDSS data alone whether the observed changes in geographical distribution seen in this study reflect regional differences in Cryptosporidium ecology and transmission, or jurisdictional differences in the capacity to detect, investigate, or report cases. The increased reporting in the upper Midwest region could be a consequence of possible increased Cryptosporidium transmission following the 1993 Milwaukee drinking water-associated outbreak or it could be a consequence of higher cattle density in this region compared with other regions; this increased cattle density could be a proxy for increased contact with preweaned calves [39, 40] . Additionally, the Milwaukee outbreak in 1993 might have led to increased regional awareness of cryptosporidiosis or increased regional investment in capacity to detect, investigate, and report cases.
Changes in the proportion of cases classified as confirmed or non-confirmed could be due to a variety of factors. The increase in the proportion of nonconfirmed cases in 2005 can be directly attributed to the New York recreational water-associated outbreak that occurred in that year, as most of the >2000 cases associated with that outbreak were reported as probable. In contrast, the increasing proportion of nonconfirmed cases starting in 2011 is more likely a result of recent revisions in the case definition for national surveillance of cryptosporidiosis and possible changes in diagnostic testing practices. Since 1995, the case definition for national surveillance has changed four times: 1998, 2009, 2011, and 2012 [8, [41] [42] [43] [44] ; these changes have largely been in response to innovations in laboratory methods to detect Cryptosporidium [45] [46] [47] . In recent years, immunochromatographic card tests have been increasingly utilized because they do not require a trained microbiologist or parasitologist to administer or interpret results. However, failure to follow manufacturers' directions when running these tests (e.g. storing them outside the specified temperature range or reading results after the specified time) can lead to false positives [48] . The issues with immunochromatographic card tests prompted the 2011 revision of confirmed cryptosporidiosis cases to include only those cases diagnosed by laboratory methods with a high positive predictive value [44] . Before this change, all cases with laboratory evidence of Cryptosporidium were classified as confirmed, regardless of type of diagnostic test used [8] . The most recent 2012 revision specifies which diagnostic tests (i.e. direct fluorescent antibody test, polymerase chain reaction (PCR), enzyme immunoassay, or light microscopy of stained specimen) are required to meet the criteria for confirmed case status. Since test type might not be known, this would increase the number of non-confirmed cases reported. These alterations to the case definition for national surveillance present challenges to interpreting changes in national cryptosporidiosis data over time.
Although the overall proportion of males and females was roughly equal throughout the study, an analysis by time period revealed that the ratio of male to female casepatients changed from male predominance (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) to female predominance (2009-2012). One explanation for this crossover might be that in earlier years, Cryptosporidium circulated as an opportunistic pathogen in HIV-infected individuals [49] , who were predominantly male. However, the incidence of cryptosporidiosis in HIV-infected persons has decreased since the introduction of highly active antiretroviral therapy for HIV infection [50, 51] . This hypothesis cannot be tested with NNDSS data since HIV status is not reported to NNDSS. Furthermore, since 2005, Cryptosporidium has emerged as the leading aetiology of recreational water-associated outbreaks [9] , which disproportionately affect young children as suggested here and shown elsewhere [13] . Consequently, the risk for infection via person-to-person transmission might have increased in females. As caregivers to young children both inside and outside of the home (e.g. in childcare facilities), females of childbearing age could potentially be at increased risk for infection resulting from person-to-person transmission due to the lack of or nascent toileting skills in young children and poor hygiene (e.g. inadequate hand washing) in caregivers and young children [24, 52] . Challenges in maintaining proper hygiene, combined with exposure to recreational water and childcare settings, place both young children and their caregivers at increased risk for cryptosporidiosis [52] [53] [54] .
Consistent with previously reported research [4] , in our study, reported rates of cryptosporidiosis were highest in children across all time periods. Rate changes in national surveillance data did not occur uniformly across all age groups. Rather, cryptosporidiosis rates increased earlier (2005) (2006) (2007) (2008) in the two youngest groups, likely driven by the three large recreational water-associated outbreaks mentioned previously, while incidence rates increased later in the two older groups (2009) (2010) (2011) (2012) . Rates in adults aged 565 years increased starting in 2005. It is unclear why; however, 2005 is the year that the FDA licensure of nitazoxanide first included treatment of cryptosporidiosis in immunocompentent patients aged 512 years. It is possible that the availability of a new treatment contributed to an increase in reported cryptosporidiosis incidence rates in adults, as opposed to an actual increase in the occurrence of disease in this population; however, risk factors for cryptosporidiosis in elderly adults have not been reported in the literature and need to be explored further.
Our analysis is subject to several limitations. Due to underreporting (only 2% of estimated cryptosporidiosis cases are reported annually in the United States), our findings might not be generalizable to all cryptosporidiosis cases occurring in the United States [4, 5] . All infected persons do not have symptoms; all of those with disease do not seek healthcare; and all those who do seek healthcare do not have the necessary diagnostic testing. This is a typical limitation of national surveillance data for diseases caused by infectious enteric pathogens [5] , and might be partially overcome with the introduction of multiplex molecular assays for the detection and identification of enteric diseases. Next, although changes observed in national surveillance might reflect the general epidemiology of cryptosporidiosis in the United States, variability in surveillance capacity and reporting requirements across reporting jurisdictions over time could limit our ability to compare cryptosporidiosis rates over time. Additionally, the lack of data on race and ethnicity [which were captured in NNDSS, but a high percentage (>25%) of case reports were missing these data]; potential exposures or risk factors (e.g. immune status, swallowing contaminated water, contact with livestock, or caring for an infected person); and the Cryptosporidium species that caused each specific case (which were not captured in NNDSS), limits further characterization of cryptosporidiosis epidemiology in the United States. The data suggested that there might have been an increase in the proportion of reports of cases in white and non-Hispanic patients over time; however, the high proportion of missing data limit the conclusions that can be drawn about racial and ethnic changes in the epidemiology of cryptosporidiosis over the study period. Finally, misclassification of outbreak-associated cases as non-outbreak-associated cases, due to limited ability to detect epidemiological links in cases, would limit the ability to exclude all true outbreak-associated cases from sensitivity analyses.
Unlike the UK, the United States does not perform systematic molecular characterization of Cryptosporidium specimens nationally. A molecular typing-based surveillance system could help answer some of the questions posed herein [4] . Human cryptosporidiosis is predominantly caused by C. hominis (primarily transmitted anthroponotically) and C. parvum (transmitted zoonotically or anthroponotically), which are morphologically indistinguishable [55, 56] . Thus, knowing the species and subtype can help identify the exposure that led to infection in a given case-patient and epidemiological links in cases [56, 57] . Molecular typing results can also be used in conjunction with traditional epidemiological data to geographically and temporally evolving epidemiology of cryptosporidiosis in the US characterize the distribution of species and subtypes and to ultimately differentiate risk factors for disease in the population. For example, a recent case-control study conducted in the UK revealed that risk factors for cryptosporidiosis differed by species; travelling abroad and changing diapers of children aged <5 years were risk factors for disease caused by C. hominis, while contact with farm animals was a risk factor for disease caused by C. parvum [53] . Currently in the United States, CDC uses nested PCR-restriction fragment length polymorphism (RFLP) to speciate, and DNA sequencing of the 60-kDa glycoprotein (gp60) gene to subtype, Cryptosporidium specimens typically collected during outbreak investigations and submitted by state public health partners, i.e. confirming cryptosporidiosis outbreaks [58] . CDC is currently collaborating with state partners to implement these molecular techniques in state public health laboratories. This step is the first of many, with the ultimate goal being national systematic whole-genome sequencing of all clinical Cryptosporidium specimens and reporting of standard risk factor data.
CONCLUSION
This study identified multiple shifts in national-level cryptosporidiosis surveillance data and raises a number of research questions. Further research is needed to better explain increases in reporting after 2004, particularly in years without large recreational waterassociated outbreaks; geographical distribution of cases; cryptosporidiosis risk factors, particularly in females and older adults; and how the use of immunochromatographic card tests and nitazoxanide availability has influenced surveillance of cryptosporidiosis.
